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THE R-38 CATASTROPHE AND THE MECHANICS OF
RIGID AIRSHIP CONSTRUCTION.*

(3erman tranelation of Spanish article

vtrrasns s o w-- -- Publishad. in ."Msmorial do- Ingenieros,"

by Emilio Herrera, Chief of Engineers,
Madrid.)

The dreadful disaster which overtook the English rigia alr-
ship R-38, on August 34, 1921, arnd in which 44 men perished, was
a terrible shock to the whole aeronsutic world, since (in view
of the successful operation of regular air traffic lines by the
Gérmans,.both pefore and after the wer, with Zeppelin airships
which covered over 300,000 km., without the least injury to any
passenger), it was corfidently assuméd that airship construction
ﬁéd ﬁlreaay been perfeoted to such a degree as to solve the probf_
lem of long distance air traffic with the essential factor of
:saféty, which could not be attained by airplénea for a long time
to come. - _

Of ‘course, thorough investigations were undertaken, in order
to d@terﬁine the causes of the-catasireopho, as to whe;her they
wereé 1ﬁharent iﬁ the gystem itse}f énd.therefore imposslble to
.avold in this kind of airshiﬁa .or whsthér, on the contrary, the
accldent resultedffrom errors in comstruction, ﬁnforeseen ooccur-
rences, or faulty operation in this particular instance, whidh
would in no way affeot the use of rigid airships.,
~. . The aua.mp R-38, built in.ths.workshops of ‘the Short Broth-
ers, in Bedford; and finished by the British Admiralty, was de-
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signed for the North American Navy as the ZR II and was destroyed
in the attempt to fulfill the very hard acceptance conditions. |
Its main dimensions wore: lengith 312 m.; diameter 36 m.; gas
capacity, 77,000 ou;m.; engine ﬁower, 2100 gp (6 englnes of 350
HP each); carrying cepecity, 50 tons; speed, 130 lm/h. '

The rlgld frame conaiéted of duralunin girders, simllar to
the ones used in zeppelln alrshlps, but 1H was bullt under speo-
ial.cmnditione, which must be tuken into account in endeavoring
"to dstermine ths causses of the disaster. -

In the first place, it was the largest airship ever bullt,
its gas capacity being £§370 ou.m. lazger than that of the largest
zeppelin, and 1ts coist-uotlon prescaied more diffioult technlasl
problems than those already solved for the Zeppelins.

Its carrying capacity was about 604 of its total 1ift, a filg-
ure whilch likewlse exceedad that attained by previous alrships
and whioch could only be reached by reducing thes welght of the
frame at the expense of its strength. The above ratlo of ocarrylng
capacity to total 1lift (maximum lift of an alirship, without the
dynamic power obtained in cbligue ascent) emables the determina-
tion of the static altitude in the followlag manner. '

wWhen an airship ascends without loed, 1t ocan rise to a oer-
tain height, whore the air density 1s only 604 of 1ts value at
" sea~level, which accozding to the formula '

60
Z = 18400 log —°.
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(in which Z is the attainable altitude, §  the air density at
sea-level, and § the air density .at.ths height iimit), ocorres-
ponds .-to an altitude of 736b m., which 1s necessaty in order %o
be beyond the reach of anti-alrcraft guns.

Such a static altitude had hitherto not been attained by any
airship, since 1t was considered umeafe to make the requisite re-
auction in the wslght of tne frame,

But, in order to fulfill these exceptional conditions, this
airship showed varicus orlginal and daring innovations, which were
in no way sanctlicned by experience.

The radial braclng cf the main rings or transverse frames,
by which the in%ericr of the airshiv was divided into separate
gas cells, was replaced by tangential bracing and the number of
cells or compartments was reduced to 14, instead of 18, as pos-
sessed by the largest Zeppelins, This gave increased 1lift, but
the free portions of the longitudinal girders between the rings
(subjscted to prescurs and bending stresses) were increased to
15 m., insvesd of 11 m., as on all Zeppelins, excepiing the onos
_with longitudin&l stays, yhiﬁh were laocking, howsver, on the R-38.
Thus the strength of these glrders was greatly reduced.

Horeover, it must be borne in mind that the bullders of this -
alrship of subh unusual characteristics, had previously bullt- no
- ﬁetal'airshtp, but that their'exﬁeii;nce in this field of such
difficult and delicate work was limited to the rigid wooden air-
ships R-31 and R-32 which came from their shops several years ago.
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During the bullding, various longitudinal girders broke un-
dér the weight of the workmen. During inflation, other girders
broke and the first trial trip showed that the entire frame was
too weak, necessitating various repairs and reinforoements.

" The airship had tanks for 40,C00 liters of gasoline and

could fly 9,800 .km. at full speed, or 14,500 km. at cruleing

speed. " Its radio station had a range of 3,400 km., and was fully
equipped for radiotelephoay and for obtaining its bearings by

‘radio.

The acceptance ccnéitions consisted in the demonstration of
the above-mentioned flight characteristics. On the fourth and
last trip of this airship, which wes begun at 7:10 a,m., August
33, from the Howden airdrome, the speed and meneuverability tests

.were to be made. Tho latter tests (severest of all) coueisted

in flying in sharp gigzags for 30 minuates, in order td test the
Etrength of the frame ard the working of the rudder,

" The airship remained the whole ¢ay and night of the 334, in
the air Qnd Qhen, after successfully completing ite speed tests,
it was above Hull at 6 o'clook on the morning of August 34, the
rudder teats were begun with three succéssive turns, with fhe
rudder hard over., During the third turn the frame of.the airship
gave '9& near 1ts center of gr#vipy_grgp tbhe lateral bending _
stresses, whereupon there ias.immediately a series of explosions,
followed by fire and the plunge of the giant airship into the
Humber, not far from the harbor of BHull.
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The exceedingly violent explosions which broke the window
reanes of the city of Hu;l, showed that they took place after in-
Juries to tﬁgdéﬁs baga and the formation of an explosive mixture
of air and hydrogen, which wis probably ignited by the exhaust
gasea from the englnes, )

In order to facilitate the explanation of how the fatal break
muet have ocourred, %3 w#l1ll gave briefly a general 1dea of what ;
may be termed the mechanics of rigld airships.

Generally the frame of & rigld airship (Fig. 1) - consists of
a series of rings (ocec) or regular polygons, between which are the
gas bags and which are connected by longitudinal girderse (11) ex-
tending from ths nose to the tail, where the rudders and slevatore
are attached.

The frame thus formed, may be regarded as a rigid glirder sub-
jected to a number of forces which, according to their nature,
may be classified es follows: weight or loads (force of gravity);
lifting forces (aero-static); accelerations (dynamic). These
foroces muet be in equilibrium in the three most important cases
during flight: (1) Vhen the airship is floating (aerostatic prob-
lem); (3) When flying without acceleration.(aerodynamioc problem);
(3) When under the influence of any accelerating force (dynamioc

.problem). We will briefly consider each of these ocases.

e

1. Agrgstatio Prgblem.
When an airship is at rest with respect to the surrounding

air, i1t is subjected to the force of gravity resulting from the
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welghts of the various parts and the loads ocarried, and to the
11ft exerted by the gas bags. Both forces ohange during flight,

. .the former being.diminished by the fuel consumpiion and release

of ballast, thouga 1t may be inoreased vy Taln or smow. The lift-
ing foroe changes wilth the temperature of the gases and cf the air
and with changes in aliiiude and usually dscresses comstantly from
osmose, permeabllity of the gas bags; leazy vaives, e%o.

gince the direotlon of ail these foroes 1s vertical, there 1s
equilibrium when the sum of ike upward forces ejuals the sum of
the downward forces and tnelr respeotive resultants pase througn
one and the same point. '

If the length of %“he alrship 1s rerresented by the lina AR
{Flg. 3) and thers are drawn &t right angles to this line ordi-
nates representing the cross-sestlional arsas of the gas spaoce, we
then have a diagram analogous %0 tLe displacement curve in ship-
building, repressnting the distribution of the 1lifting foroes
along the longltudinal axis of tvhe sirship. Thls ocurve can cheage
with the gquantity and buoyunoy of the gas in the bags. but will
always keep inside of &;ourve (pl2in line), wbioch rspresents tae
1ifting force when the alrship is corpletely filled with pure hy-
drogen at sea-lewvel wlth the highest rosslble temperaiture of the

hydrogen gas and the lowest possible temperature of the surround-
-ing-atmosphere. .

e P

'As regards the loads or welghts carried, a distinction 1s
made between those which remain comsiant during flight (weight of
airship itself and of the crew) and the changeable welghts (fuel,
food, ballast).
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If we take, perpendicular to the line AB, ordinates rep-
resenting the oonstant welghts, we have the load curve correspond-
ing to the last part of the flight, after all the fuel, focd and
ballast have been used up. The resultant of all these minimm
welghte mist be offset by the 1lifting force of the remaining gas.
This 1s the case when the area, between the dash ourve of the min~
imm 1ift (whose ordinetes must be proportional to trose of the
maximum 1lift) and the longitudinal axls AB equals the dark area
bounded by the curve of constant weight and when, at the same'tiﬁq
the centers of gravity of the two areas huve tne sanme abacissus.
In designing an airship, the constant'weighté m:st accérdinglﬁ be
distzlbuted so as 0 fulfill this condliicn.

The varliable loads (hatoied area) must be so distributed
that their variations wili not displace the csnter of gravity, or
so that treir oéqﬁer of gravity wili always have the same ebscis-
8& AG. Thus the magnitude and disiribution of the maximur loads
can be establisked so that the area included in its curve will
equal that of the maximum 1ift.

The dlstributlon of these loads may be accomplished in var-
ious ways. We must choose the method which will exert the small-

est beﬁding stresses on the members of the frame. In tanls conneo-

. . tion .we .see thet, in every oross-section of the alrshlp, there is

exerted a resultant force which equels the difference between the
corresponding l1ift and welght. And 1f, for each yoint of the axig

we introduce & new ordinete which represents the moment of the
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forces between it and the one end of the alrsnip, we ocen then
draw- the curve of the bending moment (dot line in Fig. 3), in
woloh we consider as positive bending moments tkose whioh tend to
bend the ends of the airship upward and as negative those which
-tend to bend them downward., If we draw the corresponding curves
for various load distributions, we can find empiriocslly the surve
whioh'gives the mninimim bending moment. wWe must bear ‘in mind,
howsver, that some solutions are impracticable, namely, when they
indioate an exsraordinary accurmlation of weights in eny given
oross-section. This would produce & relatively large shearing
force which would necessltate strengthening the corresponding
section of the frame.

The loads are generally supporied by the rings, partly d4i-
rect and pamtly by a girder inside tke hull, wkich also serves
as & conneoting corridor. The 1liftirg forces of tkLe gas bags are
transferxzed by means of a net to the longitudinal girders 6f the

frame and to the corridor girder.

8. Aerodynamic problem.

when the airshlp is flying, the driving force P (Fig. 3),
is transferred by the propellers to the oars or gondolas which,
being rigldly attached to the frame of the airehip, in turn sup-
poxt tha motion of the a¢rsnip by overooming the alr resistance
R, vwhereby the longltudinal girders in front of the englne oars
are subjected to pressure. ginoce the alr resistance acte ohiefly
in the direction of the axis of the hull and the englne cars are
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located outside of and below the hull (for aerostatic stabillty),
there 18 generated & moment whigh tends to make the airship nose :
up. This moment must be neutraligzed by an equal and opposite mo-
ment P-F produced by the elevators. The latter moment takes the
form of & bending moment (hatched aree) to which all aross- -
seotione bshind the first emgine oar are subjected. For every
cross-geotlion, this moment is equal to the moment of the forces
F-F, which are behind the oross-secstion under oconsideration, mi-
nus the moment of the propeller forces for this portion of the air
ship.

In each oross-sectlon, tkis bending moment is exerted on ail
longitudinal glirders, the stresses being proportional to the dis-
tance from the neutral zone. Hence the forces produced in each
individual glrder offset a portion of the total bending moment end
indeed proportional to the square of vhelr éistance from the pléne
of the neutral axis. '

When an airship, through uneven distribution of its load,
flles on an inclined keel, the air, striking obliquely agalnst *he
hull and especially against the horizontal tail planes, exerts &
foroe equal and opposite to those of all the balancing statio
forces, which likewise give rise to corresponding bending noments
in the different cross—seotions. These bending moments must be
computad in the same manner as those produoed by static foroces,
while also teking into consideration the lateral components of the

alr pressure in eaca cross-section.
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:3i.pynamlo problem.

- - The most important case of the dynamlc problem occurs when,
with the airship going at full speed, the elevators and rudders
are suddeniy displaced to thelr full extent. At this instent
_(Fig.4=) there. 1s ﬁroduoed against the rudder an alr pressure,
whose lateral component tends %o turn the airship asbout 1ts oenter
of rotelicn’ 0. This lies in froat of the center of gravity ¥
. at & distance equal to the moment of inertia of the airship divid-
ed by the product of its mass times the dlstance betwsen the center
of gravity g and the ocenter of application of the rudder force.
In other words, the product of the distance of g from C and .,
from the rudder surfaces is equal to the square of the redlus of
inertia of the elrstip.

The angular acceleration glven the airship 1s equal to the
moment of the rudder force, with referance to the center of gravi-
ity, divided by the moment of inertia of the alrship and thls angu
lar acceleration produces rectillnear accelerations in the diffsr-
ent oross—séctio:a, accoxding to their distance from O. Thus
there ares produced in every oross-sectlon, through the linear ac-
oelexaiion, inertia forces equel to the product of the mess times
the acceleration. These foroes (skowa in Flg. 4) produce bending
monments (dot aurve), whose maximm oocurs & little behind theé cen~

ter of gravity.

Applicetion to the R-E8.

With 77,000 ou.m. ges capacity and 1.1 kg. per ou.m. lifting
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force of commerocial hydrogen, we cen &assume the maximum aerostatio
foroce of the alrshlp to have been sbout 85 metrio tons_and the
minimum 35 tons (welght of airship without variable load). The
variable lc¢ad would therefore be 50 tons.

‘'The amrodynamic forces of the airship, in horizontal flight
under full engine powsr, may be computed in the following mazner.
with an engine power cf 2100 HP, or 157,800 kzn/sec., and & sgpeed
of 130 km/h, or 33.3 m/sec., the pulling-forqe, if it .could be
completely transferred, would be 157,500 divided by 33.3, or
4735 kg., and if we assume & propeller effioclercy of 70% (the usu-
al velus), we would have 3300 kg. pulllng force, whioh also equai=z
the air reasistmice to be overocoms by the alrship. The nose 1s
thercfore subjected to this pressure whioh, in thls particular in-
stance, 1s dlvided between 20 girders, so that each girder is sub-
jected to a pressure of 165 kg.

The distance of the mlddle line of the alr resistance from
the plane of the propeller axes was &bout 15 meters. The momert
vending to make the airship nose up (dynamlio tail-hesviness) wes
acaordingly 3300 x 15, or 49,500 kgm., whioch had to be offsst by a
force of 49500/120, or 413 kg., exertel by the elevators, 1f we as-
sume that the elevator surfaces were a&bout 130 m. from the center
of gravity. Applied at & distance of 80 m., i.e., in the vicinity
‘of the rear engine cars, this foroe would have exerted & bending |
moment of 413 x 80, or 33,040 kgnm., whioh the 30 girders had to

withstand, the upper ocaes 1n pressure and the lower ones in tensior
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If the radius of the airship is taken as one, tkhen two of the
..glrders ars in theuneutra; vlane, -four at-0.31, four at 0.59, four
at 0,8L, four at 0.95, and two at 1.00 dlstance from the same
‘plane. The force g=nerated in each glrder would be proportionel
to the square of 1ts distenos, i.e., to 0.10, 0.35, 0,65, 0.90,

or 1.CO., 7hese numbers maltiplled by the corresponéing nvmbers

of girders and added tagc*h,-, glve 20, f-ca wlich 4b mey wo de-
duced that in the most stressed girdeis, i.e., In those fearthect
from the neutral plane, & moment of 3304(:/10, or 33C4 kgn., is
produced and that, with a lever arm of 13 m. (radius of airshir),
the fcrce to be withetood by each giider would be 33C4/13, or

353 kg.

Tae dynamic forces are more difficult .to compute because we
need to know the moment of inextia ¢f the airship, for whizh we
have no satisfactory data. We can, however, make an approximate
computatlen, by taking as its basis & homogeneous girder of the
samo lsngth and mass &3 the airship.

| . ghe tctal mass ¥ of the airship is 85,000 kg. , not imcludin:
the mass of. the 77,000 cu.m. of hydrogen (about 15,000 kg.), or
altogether 100,000 kg. wWith an over-all length of the airship of
2813 m., we wlll take 210 m. as the length of a glrder, disregard—
ing the tip of the tail.

The total area of the vertical stabllizers and rudders was
about 100 sq.m., which was about the seme as ths total aresa of tle -

horizontal stabilizers and elevators and sirce, with the rudders
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hard over, an asrodynamic coefficlent Ky of 0.04 ocan be obtalned,
-the -trensverae force at the tail oould ‘be "about F = KySv3= 0.04 x
100 x 33.52 = 4.5 meiria tons. ) -

A 100-ton girder 210 meters long, would have a momeni of in-

ertla J = 100060 3107 = 384,300,000 kgm.ssc.®, and its center of

3 13
rotation, wlth the epplication of a tramsverso force at ore end,
3L
would lie I0535 —ug = Z5 meters 1r fr-nt of the center cf grev-

i1ty. In this case the angular aoceleratlun A would be

4590 33:_- per second.

50
The f;roe of incrtia, produced in every aross—seoticn at &
distar.ce of x from the center of rctation, wlll have a value ¢f
Mx A x X, IiIn which M represents the mass of the cross-seoticn
under consideraticn. By representing these forces graphlecaily
(Fig. 5), we obtain the similar trianglss g§ and s, the algebra
lc sum of whose moments, with referenoce to a glven cross—secticn,'
give the bending moment in the same tross-sectlion. This sum of
the nmoments may be expresced:

8 (% 70 + x) - B % x
oa

-2

an@ if wa make

!

s We thadn for the bendlng moment

”~

140 + 3z - %
(140 + 3= ~ oo

ke Gl

Dynamlic equilibrium, Lowever, requires p§ = § %%g— -8=328

from which we obiain, as the bending moment for each cross-section

E __x?
5 (10 3 - 55)
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The maximum bending moment will oococur 1In the oross—seotion
- corresponding to the ‘value of "X "'where its differential quotient
2
(3 - i;%‘-,) vanishes, i.e., for x = 70 M. This cil'oss—section is
35 meters behind the center of gravity and its bending moment is
£ (140 + 3 x 70 - 70) =339F= 140000 kgm.

The glrders farthest from the neutral plene must therefore

be able to withstand a force of %%99%% = 1077 kg’

If this fcrce is added to the above—mentaoned aerodyrnamlc stresses
we find thet the girders would each be subjected to & total stress
of about 1350 kg. at the center of gravity of the alrship, where
the break actually occurred.

We see thersfore that the dynamic effect of a violent rudder
displacement, which was easily produced on thie &irship with its
balanced rudders, could be more than four times as large as the
combined static and aerodynamic loads during ordinery flight. It
1s not sirange, therafcre, that a rigid airship, whose frame had
already been strained by the two latter forces and was then withiln
a few minutes, while still under maximum engine power, put to the
fearful teat of having its rudder ihrown hard over, should break

entirely in two.

. from the German
Translated/by the National Advisory committee for Aeronautics.
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